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Effect of Silver Nanoparticles on Aquatic Organisms
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Abstract: Silver nanoparticles are extensively used in the past few years. The presence of these silver
nanoparticles concerns the risks they pose to the environment as a whole. Their tiny size and higher
surface area make them a very potent threat in the aquatic ecosystem. The interactions and
bioaccumulation in the aquatic ecosystem have led to disturbances in the food chain of the aquatic
organism. The silver nanoparticles have caused biochemical, physiological, morphological, and
neurological impairment in the aquatic organisms. There are several studies that not only report the
direct impact of these AgNPs on the water bodies but also report the impact of ligand-bound AgNPs on
aquatic invertebrates at different trophic levels and different medium. This literature review attempts to
integrate recent findings on the impact of silver nanoparticles and associated studies on aquatic
organisms.
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1. Introduction

Silver and silver nanoparticles (AgNPs), along with other toxic chemicals such as
mercury, cadmium, chromium, copper, are considered as one of the most toxic heavy metals
[1,2,3]. Silver in metallic form is known to have minimal toxic effects [4]. However, silver ions
are reported to be more deleterious as they are non-biodegradable, very chemically unstable.
Thus, they are a significant toxicant in the aquatic ecosystem, which also impacts human health
[5,6,7]. The occurrence of silver ions and silver nanoparticles is a serious health risk [8]. The
bioaccumulation of silver nanoparticles in the aquatic ecosystem results in irreversible damage
and disorders [9]. The interaction of nanoparticles to aquatic organisms leads to severe
disturbances [10]. Nanoparticles enter the fish and thus become a part of the food cycle in
aquifers [11]. The minute size and enhanced surface area of silver nanoparticles bind strongly
to living organisms leading to toxic effects [12].

In this direction, we attempted to make a literature review of recent developments in
the interaction of silver nanoparticles with the aquatic ecosystem in this article.

2. Observations

One study [13] reported silver nanoparticles' toxicity on marine macroalgae Ulva rigida
C. Agardh (1823). They observed the silver bioaccumulation, chloroplast ultrastructure
damage, neutral lipid production, and oxidative stress upon exposure to silver nanoparticles.
The toxic effects of silver nanoparticles were reported at 0.1 ppm and induced lipid
peroxidation. They concluded that silver nanoparticles' toxicity on marine macroalgae could
be mitigated by enhanced natural ligand content of the transitional environment.
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Pham et al. [14] reported silver nanoparticles' interaction on two tropical microalgae
species, freshwater Scenedesmus sp and marine diatom Thalassiosira sp. The results proposed
that silver nanoparticles displayed dual toxicity outcomes on microalgae, with higher toxicity
in freshwater than the marine ecosystem. AgNPs at particular doses have exhibited cell
diameter changes, lowering of chlorophyll content, and an increase in total lipid production in
the microalgae.

A study [15] reports the effect of silver nanoparticles on freshwater snail Physa acuta.
The study proposed that the increase in acute toxicity was coupled with the decrease of shell
length in the snail exposed to AgNPs, with juveniles being more susceptible. Chronic exposure
demonstrated that the hatching process was also vulnerable. Finally, it was concluded that
silver nanoparticles distort the life cycle of the snail.

Surface properties are decisive in the interaction of silver nanoparticles in the aquatic
ecosystem. In this regard, findings have been reported [16], where ligand tagged AgNPs,
Tyrosine (T-AgNP), curcumin (C-AgNP), and epigallocatechin gallate (E-AgNP) and their
effect on the aquatic organism Daphnia carinata. The reports proposed how ligand coatings
guided silver nanoparticles' outcomes on the mortality, feeding behavior, bioaccumulation
from freshwater algae Raphidocelis subcapitata to Daphnia carinata. The results suggested
that silver nanoparticles' bioaccumulation in freshwater algae and ligand-bound
bioaccumulation of silver nanoparticles in Daphnia carinata changed for all three separately
ligands tagged silver nanoparticles. Curcumin AgNPs accumulation was 1.5 times higher in
algae than tyrosine AgNPs. But the bioaccumulation of T AgNPs in Daphnia carinata through
trophic transfer was 2.6 times more than T-AgNPs in algae. Thus the results [16] help
understand the impact of silver nanoparticles and their surface properties concerning aquatic
organisms.

The effects of silver nanoparticles at different trophic levels and life strategies in
separate media are reported [17]. The toxicity of tyrosine tagged silver nanoparticles on three
Australian freshwater invertebrates, namely Daphnia carinata, Paratya australiensis, and
Hydra vulgaris are reported [17, 18, 19]. The above study reported the notable variations in
silver nanoparticle toxicity to aquatic organisms [17-20] is present and coupled with a
significant role by test media and life strategies. The research group [17] proposed that the
multispecies approach can be adapted to predict nanoparticles' risk and thus protect the
indigenous aquatic species from interactions with toxic materials [21,22,23].

3. Conclusions

Several studies have confirmed the toxicity of silver nanoparticles on the aquatic
ecosystem and thus on aquatic organisms. Different invertebrates in the aquatic environment
are affected by the biological interaction and bioaccumulation of these AgNPs. There are
several measures suggested by many study groups to ameliorate the toxicity of AgNPs.
Toxicity assessment, understand the native ecosystem are some of them. To conclude, the
policy-making authorities and the key stakeholders in the related sector have made serious
decisions to avoid a future toxic outbreak in the aquatic environment due to the accumulation
of silver nanopatrticles.
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